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metástasis de células tumorales134,135,139,140. Las quimioquinas son fundamentales 
durante la hematopoyesis141, y estimulan señales intracelulares implicadas en activación 
celular142,143, y en la adhesión celular mediada por integrinas14,17,23,144,145. Asimismo, 
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ɊȀd! `p
CARACTERIZACIÓN DE LA SEÑALIZACIÓN INSIDE-OUT IMPLICADA EN LA REGULACIÓN DE LA ADHESIóN DE LINFOCITOS T DEPENDIENTE DE LA 
INTEGRINA VLA-4 !
TE!!
!
5,4+!/( 6\A( F%I('/.! 3'&! /$,+.:'! 3'&! )*1)(*+$! 3'! .3D'%*5,! ',! )O/.1.! 3'! ;&(:$! y dispositivo de 
videomicroscopía utilizado para la grabación a tiempo real de la adhesión de células T en condiciones que 
simulan el flujo sanguíneo fisiológico
,`-+7"63>%6+&/+6L$/3&)"2+(/0'03$+N.1.! .,.&*<.1! '&! +/")1,%&'! )'&(&.18! &.%! )-&(&.%! ;('1$,! .3D'1*3.%! 3(1.,+'!3*%+*,+$%!+*'/2$%!.!XQYZA!>!',!21'%',)*.!$!.(%',)*.!3'!QRQ#>@?!Y!)$,+*,(.)*5,8!&.%! )-&(&.%! ;('1$,! ;*:.3.%! )$,! N^Y! .&! @j! ',! NfP! 3(1.,+'! >T! /*,8! &.9.3.%! 4!
MATERIALES Y MÉTODOS 
TT!!
/$,+.3.%!)$,!/$h*$&?!#.%!)-&(&.%! ;('1$,!.,.&*<.3.%!2$1!/*)1$%)$2J.!)$,;$).&! ',!(,!/*)1$%)$2*$! #'*).ACQPAPNTAYkfP! 6o'+<&.18! Y&'/.,*.7!/'3*.,+'! 9*%(.&*<.)*5,!2$1! b$/.1%e*! '! M`Z8! 1'21'%',+O,3$%'! '&! 2$1)',+.:'! 3'! +/")1,%&'!)'&(&.1! +1.%! '&!.,O&*%*%!3'!3*9'1%$%!)./2$%!1'21'%',+.+*9$%?!
!!
,,-+7"63>%6+&/+1%#)0)&3&++(/0'03$+'#)0)<3"&%+1)($%6(%LA3+/"+#)/1L%+$/30+#$%! '%+(3*$%! 3'! /$+*&*3.3! )'&(&.1! %'! 1'.&*<.1$,! %$H1'! %(2'1;*)*'%!6QD./H'1'3! Q$9'10&.%%! #YfACF_8! blbQ7! +.2*<.3.%! .! EtQ! 3(1.,+'! +$3.! &.! ,$)D'!)$,!XQYZA>! 6E!ɊȀǡ   7! ',! .(%',)*.! $!21'%',)*.! 3'! QRQ#>@! 6BTW!,0]/&7?!#$%!&*,;$)*+$%!;('1$,!21'9*./',+'!/.,+',*3$%!>EA>B!D!)$,!Tj!^fP!%*,!M#A@8!4!2$%+'1*$1/',+'!&.9.3$%!4!1'%(%2',3*3$%!',!/'3*$!afPP!)$,!>8@!/Z!Q.Q&@!4!B!/Z!Z0Q&@!.! (,.! )$,;&(',)*.! ;*,.&! 3'!>q>WB]/&?! P'!(%5! '&! $H:'+*9$!@WR! 6>! */.0',!).3.! >W! %]>@W! )*)&$%! 3(1.,+'! @W! /*,78! 4! 2.1.! '&! .,O&*%*%! 6VW!+1.4')+$1*.%])$,3*)*5,7%'!(+*&*<5!'&!21$01./.!^MmM?!  !
,4-+H$3"6($)L()*"+)"9/$63+>+$/3(()*"+/"+(3&/"3+&/+03+L%0)1/$363+/"+#)/1L%+$/30+
aB@F8b+#.%!)-&(&.%!Z$&+AE!+1.,%;')+.3.%!)$,!3*;'1',+'%!%*`bY!;('1$,!&*%.3.%!)$,!'&!)$/2('%+$! C1*`'.0',+! 6P*0/.AY&31*)D78! .*%&O,3$%'! 2$%+'1*$1/',+'! &$%! `bY%!/',%.:'1$%!4!$H+',*-,3$%'!.!2.1+*1!3'!'&&$%! &$%!GbY%!)$/2&'/',+.1*$%! 6)GbY%78!(+*&*<.,3$! &.! +1.,%)1*2+.%.! *,9'1%.! ZAZ#X! 6N1$/'0.8! Z.3*%$,8! oM7?! ! #.!)(.,+*;*).)*5,!3'&!`bY!%'!1'.&*<5!/*3*',3$! &.!.H%$1H.,)*.!3'&!'=+1.)+$!.!@BW!,/!6Y@BW7! 4! @LW! ,/! 6Y@LW7! 3'! &$,0*+(3! 3'! $,3.! )$,! '&! b.,$31$2! bGA>WWW?! l,.!.H%$1H.,)*.!3'!>!(,*3.38!/'3*3.!.!@BW!,/8!)$11'%2$,3'!.!(,.!)$,)',+1.)*5,!3'!
ͶͲɊȀ&!',!'&!).%$!3'!`bY?!F&!)$)*',+'!',+1'!&.%!.H%$1H.,)*.%!Y@BW!]Y@LW!%'!(+*&*<5!)$/$!*,3*).3$1!3'!&.!2(1'<.!3'!&$%!O)*3$%!,()&'*)$%!)$,+',*3$%!',!&.!/('%+1.?!#.!./2&*;*).)*5,!3'!&$%!)GbY%!%'!1'.&*<5!2$1!INQ`!6C'1/$)*)&.3$1!*vT!fMkA`YG!3'!NQ`!.!+*'/2$!1'.&7!(%.,3$!&$%!$&*0$,()&'5+*3$%!/$%+1.3$%!',!&.!V/E0/(3!4!&.! 2$&*/'1.%.! C.I! 6M,9*+1$0',! Q$1278! (+*&*<O,3$%'! CfN! 6CYCYAT%&,%&'! A"#()%&7!)$/$!1';'1',)*.?!F&!21$+$)$&$!3'!NQ`!2.1.!&.!./2&*;*).)*5,!%'!/('%+1.!',!&.!V/E0/(
R?! #.! INQ`! '%+O! H.%.3.! ',! &.! 3'+'))*5,! 4! )(.,+*;*).)*5,! 3'! (,! 1'2$1+'1$!;&($1'%)',+'?!#.!%'U.&!.(/',+.!',!21$2$1)*5,!3*1')+.!.!&.!).,+*3.3!3'!21$3()+$!3'!NQ`! ',! &.! 1'.))*5,?! S1.)*.%! .! &.! &')+(1.! 3'&! .(/',+$! ',! &.! '/*%*5,! 3'! &.!
CARACTERIZACIÓN DE LA SEÑALIZACIÓN INSIDE-OUT IMPLICADA EN LA REGULACIÓN DE LA ADHESIóN DE LINFOCITOS T DEPENDIENTE DE LA 
INTEGRINA VLA-4 !
TB!!
;&($1'%)',)*.!',!).3.!)*)&$8!'%!2$%*H&'!/$,*+$1*<.1!&.!1'.))*5,!3'!21$3()+$!3'!NQ`!)$11'&.)*$,.3$!)$,!&.!1';'1',)*.?!!!
G,E4-H21* I05.E2/30-7458E*
>Q4:
&ŽƌǁĂƌĚϱ͛6A88A>8>>>RRA>>A8A>>A6ϯ͛:
ZĞǀĞƌƐĞϱ͛6ARARA8AARR8RRRAR8>8R6ϯ͛:
+AR46!:
&ŽƌǁĂƌĚϱ͛6RAA8>AR>A8>RRARARAAR6ϯ͛:
ZĞǀĞƌƐĞϱ͛6RRRRAA>>8ARRR>88A>>86ϯ͛:
V/E0/(3A(W"0/#,@.()"(&0,4&.+#0"@%,)&'(+%,0,J/)&'!',!',%.4$%!3'!NQ`!)(.,+*+.+*9.!1'.&*<.3$%!',!)-&(&.%!D(/.,.%?!!
:
G19E* <530E9* J-KD-,14/,1* J5-KDE*
40<6BU;=1C1SBS1VD: !: #'jA: ':U1D:
RU;=1C1SBS1VD: '":
#'jA: !":N:
&"jA: (":N:
)&*$+,-. !:
#'jA: !:U1D:
&"jA: !:U1D:
#%jA: A3DO1DE3:
/00*+,-. : -jA: :
V/E0/(RA(O!&%&#&0&()"(*O1W($/!/(#b0+0/'(K+-/./'A!!
,?-+N/"%#)L3&%+&/+0%6+$3#%"/6+!FG@=,+G'H*3$! .! &.! H.:.! ;'1+*&*3.3! 3'! &$%! 1.+$,'%! MQYNA>! A]A8! -%+$%! %'! $H+(9*'1$,!/'3*.,+'! '&! )1()'! 3'! 1.+$,'%! D'+'1$)*0$+$%! MQYNA>! g]A?! #$%! .,*/.&'%! %'!0',$+*2.1$,!.!2.1+*1!3'!GbY!0',5/*)$!'=+1.J3$!3'&!+':*3$!',3$+'&*.&!3'!&.!)$&.!3'&!.,*/.&?! #$%! $&*0$,()&'5+*3$%! (+*&*<.3$%! 2.1.! '%+'! 0',$+*2.3$! %'! 3'%)1*H',! ',! &.!
V/E0/(T8!4!'&!21$+$)$&$!3'!NQ`!(%.3$!%'!*,3*).!',!&.!V/E0/(??!!
*
L-2* =-3/-2351*
+AR46!:10%2'%3: ϱ͛6A>8AA>A>8>A>>>A8R8>8A6ϯ͛:
+AR46!:%&4&%#&: ϱ͛6RAAA>88AA>A>>RAA>>8A6ϯ͛:
TBSd:%&4&%#&: ϱ͛6AR>>AR88A>8A8ARRA>8>>6ϯ͛:
V/E0/(TA(k&*0$,()&'5+*3$%!(+*&*<.3$%!',!'&!0',$+*2.3$!3'!&$%!1.+$,'%!MQYNA>!g]g8!MQYNA>!g]A!4!MQYNA>!A]A?! !
MATERIALES Y MÉTODOS 
TK!!
* J-KD-,14/,1* J5-KDE* <530E9*
40<6BU;=1C1SBS1VD: #'jA: (:U1D: !:
RU;=1C1SBS1VD:
#-jA: (":N:
!":&)jA: (":N:
%)jA: (":N:
#'jA: (":N:
(':')jA: (":N:
%)jA: (":N:
)&*$+,-. %)jA: ':U1D: !:
/00*+,-. )"jA: !:?: !:
V/E0/(?A(N1$+$)$&$!3'!NQ`!(+*&*<.3$!',!'&!0',$+*2.3$!3'!&$%!1.+$,'%!MQYNA>!g]g8!MQYNA>!g]A!4!MQYNA>!A]A?! !#$%!21$3()+$%!3'!NQ`! %'! 1'%$&9*'1$,! ',! 0'&'%!3'! .0.1$%.!@j]CfF!>=! 6LV!/Z! C1*%AH$1.+$8! @! /Z! FGCY8! 2a! L8W7?! #$%! 1.+$,'%! MQYNA>! g]g! /$%+1.H.,! (,!;1.0/',+$! 3'! GbY! 3'! @>K! 2H! 62.1'%! 3'! H.%'%78!/*',+1.%! &$%! 1.+$,'%! MQYNA>! A]A!/$%+1.H.,!(,!;1.0/',+$!3'!"WV!2H?!#$%!D'+'1$)*0$+$%!/$%+1.H.,!./H.%!H.,3.%?!
 
,K-+ .)($%6(%LA3+ (%"O%(30+ >+ 1)($%6(%LA3+ &/+ 6'L/$=$/6%0'()*"+ :H7U+ a:#)1'03#/&+
/1)66)%"+&/L0/#)%"b+#$%! )1*%+.&'%! 6QD./H'1'3! )$9'1! 0&.%%'%d! L!h'&&%8! b(,)! #.HAC'e! MM7! ;('1$,!*,)(H.3$%!)$,!N$&*A#A#*%*,.!6>W!ɊȀǡ*0/.AY&31*)D7!3(1.,+'!"W!/*,?!#.%!)-&(&.%!6>q>WB]/&7!1'%(%2',3*3.%!',!/'3*$!`NZM!>BEW!;('1$,!2$%+'1*$1/',+'!.3D'1*3.%!.!&.! 2$&*A#A&*%*,.! 3(1.,+'! "W! /*,! '! *,)(H.3.%! 3(1.,+'! @8T! /*,! )$,! 3*%+*,+$%!'%+J/(&$%[!QRQ#>@! 6@WW!,0]/&78!XQYZAͳ ȋʹͲɊȀ Ȍ QYZA>!',!21'%',)*.!3'!QRQ#>@?!M,/'3*.+./',+'!3'%2(-%!;('1$,!;*:.3.%!3(1.,+'!>T!/*,!)$,!N^Y!6@j78!4!'=2('%+.%! 3(1.,+'! >! D! .! +'/2'1.+(1.! ./H*',+'! .! (,.! %$&()*5,! 3'! H&$I('$! I('!)$,+',J.!fPY!"j8!%('1$!D(/.,$!@j!4!@W!/Z!0&*)*,.!',!NfP?! !Y!)$,+*,(.)*5,8!%'!*,)(H.1$,!)$,!&$%!.,+*)('12$%!21*/.1ȋͷɊȀȌ͵Ͳ!.!+'/2'1.+(1.!./H*',+'8!       Ó×    ȋͷ ɊȀȌǡ*,)(HO,3$%'! "W! /*,! .! +'/2'1.+(1.! ./H*',+'?! ^*,.&/',+'8! &.%! /('%+1.%! ;('1$,!;*:.3.%!$+1.!9'<!)$,!N^Y!.&!@j?!P'!21$)'3*5!.!&.!).2+(1.!3'!&.%!*/O0','%!(+*&*<.,3$!(,!$H:'+*9$!3'!*,/'1%*5,!',!.)'*+'!3'!>WWR]>?EbY!3'!(,!/*)1$%)$2*$!)$,;$).&!3'!
CARACTERIZACIÓN DE LA SEÑALIZACIÓN INSIDE-OUT IMPLICADA EN LA REGULACIÓN DE LA ADHESIóN DE LINFOCITOS T DEPENDIENTE DE LA 
INTEGRINA VLA-4 !
TL!!
'%).,'$! &O%'1 (Eclipse TE2000, Nikon)?! N.1.! ).2+(1.1! &.%! */O0','%! 6T>@=T>@!2*='&%78!&.%!/('%+1.%!;('1$,!'=)*+.3.%!)$,!(,!&O%'1!3'!&$,0*+(3!3'!$,3.!3'!ELL!,/?!!!
,[-+:)"20/+@3$#)(0/+H$3(E)"2+
,[-,+@$/L3$3()*"+&/+036+1'/6#$36++F,! '%+'! ',%.4$! %'! .,.&*<5! &.! 3*;(%*5,! *,3*9*3(.&! 3'!  Ⱦͳ  /'/H1.,.%! 3'! &.%! )-&(&.%! Z$&+AE?! #$%! )1*%+.&'%! 6^&($1$3*%D'%d! "T! //8! o$1&3!N1')*%*$,!M,%+1(/',+%7!;('1$,!*,)(H.3$%!)$,!N$&*A#A#*%*,.!6>W!ɊȀ7!3(1.,+'!"W!/*,?!G'%2(-%8! &.%! )-&(&.%! 6Lq>WT]/&7! ',!/'3*$!`NZM! >BEW! ;('1$,! .3D'1*3.%! .! &.!2$&*A#A#*%*,.! 3(1.,+'! "W! /*,8! 4! &.%! )-&(&.%! ,$! .3D'1*3.%! ;('1$,! '&*/*,.3.%!/'3*.,+'! &.9.3$%?! #.%! /('%+1.%! ;('1$,! H&$I('.3.%! 3(1.,+'! >T! /*,! )$,! %('1$!D(/.,$! 6@jd! m.)e%$,! M//(,$1'%'.1)D! #.H?7! ',! /'3*$! `NZM! >BEW! .! "KtQ?! F&!.,+*)('12$! /$,$)&$,.&! >L8! '&! )(.&! 1')$,$)'! +$3.%! &.%! *,+'01*,.%! Ⱦ>!*,3'2',3*',+'/',+'! 3'! %(! '%+.3$! 3'! .)+*9.)*5,8! %'! )$,:(05! )$,! &.%! 2.1+J)(&.%!;&($1'%)',+'%!v(.,+(/!G$+%!6vG$+%d!M,9*+1$0',7!3(1.,+'!@!D!.!EtQ?!Y!)$,+*,(.)*5,8!
  Ⱦͳ        )$,)',+1.)*5,! 3'! >!
ɊȀ8! 3(1.,+'! "! /*,! .! +'/2'1.+(1.! ./H*',+'?! N$%+'1*$1/',+'8! &.! /('%+1.! ;('!&.9.3.!)$,!/'3*$!`NZM!>BEW!%*,!%(2&'/',+$%?!!G(1.,+'! &$%! '=2'1*/',+$%8! &.%! )-&(&.%! Z$&+AE! ;('1$,! '%+*/(&.3.%! )$,!QRQ#>@! 6@WW,0]/&7! $! '&! &*0.,3$! XQYZAͳ ȋʹͲ ɊȀȌ8! 4! &.%! */O0','%! ;('1$,!+$/.3.%! .,+'%! 4! 3'%2(-%! 3'! &.! '%+*/(&.)*5,?! #.%! */O0','%! +$/.3.%! .,+'%! 3'! &.!'%+*/(&.)*5,!;('1$,!(%.3.%!)$/$!'=2'1*/',+$%!)$,+1$&!%*,!'%+J/(&$?!!
,[-4+G&B')6)()*"+&/+)1^2/"/6++#.%! /('%+1.%! ;('1$,! '=)*+.3.%! (%.,3$! (,! &O%'1! 3'! Y105,! /'3*.,+'!*&(/*,.)*5,! $H&J)(.8! 3'! /$3$! I('! &.%! /('%+1.%! %'! '=)*+.1$,! &*0'1./',+'! 2$1!',)*/.! 3'! &.! %(2'1;*)*'! 3'&! )1*%+.&8! /*,*/*<.,3$! 3'! '%+.! /.,'1.! &$%! .1+';.)+$%!2$+',)*.&'%!.%$)*.3$%!)$,!&.!21$=*/*3.3!3'!&.!/'/H1.,.!)'&(&.1!.!&.!2$&*A#A&*%*,.!+.2*<.3.! %$H1'! '&! )1*%+.&?! #.! .3I(*%*)*5,! 3'! */O0','%! ;('! 1'.&*<.3.! ',! (,!/*)1$%)$2*$!*,9'1+*3$!6MRKW8!k&4/2(%7!)$,!(,!$H:'+*9$!3'!*,/'1%*5,!',!.)'*+'!)$,!(,.! .2'1+(1.! ,(/-1*).! 3'! >?ET! 6^#YNkb! BW=WCM`^Z8! k&4/2(%78! )$,! (,.!'=2$%*)*5,!).3.!>B8E>!/%!61.+*$!3'!2"1>)!3'!BW8V!a<7?!#.!;&($1'%)',)*.!3'!'/*%*5,!3'! &$%! vG$+%! 6BTT! ,/7! ;('! %'2.1.3.! 3'! &.! &(<! 3'! '=)*+.)*5,! (%.,3$! (,! '%2':$!
MATERIALES Y MÉTODOS 
TV!!
3*)1$*)$! 6P'/1$)e8!^^TWW]BEBAG*W>7?! #.! +'/2'1.+(1.! 4!'&! ! Qk@!%'!/.,+(9*'1$,!.!"KtQ!4!Tj8!1'%2')+*9./',+'8!3(1.,+'!&.!.3I(*%*)*5,!3'!*/O0','%!',!(,!*,)(H.3$1!)$,%+1(*3$!.&1'3'3$1!3'&!/*)1$%)$2*$?!!!
w1@xyEG+8!3'!3$,3'!%'!3'3()'!I('!&.!2',3*',+'!3'!&.!)(19.!.:(%+.3.!%'1O!2yEG?!Y!)$,+*,(.)*5,! %'! 1'21'%',+.1$,! &$%! )$';*)*',+'%!3'!3*;(%*5,!3'! &.%! +1.4')+$1*.%! 3'!&.%! *,+'01*,.%! E>! ',! 3*;'1',+'%! )-&(&.%! ',! (,! D*%+$01./.! %'/*A&$0.1J+/*)$!!(+*&*<.,3$!'&!/$3'&$!/$%+1.3$!',!&.!5,4+!/(=]?!!!
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INTEGRINA VLA-4 !
BW!!
!
5,4+!/( =]A( >&)"0&( )"0( /.F0,','( )"( 0/'( %!/Z"#%&!,/'( ,.),I,)+/0"'( )"( 0/'( ,.%"4!,./'(E6!
4!/#,/'(/(+.(/04&!,%-&()"(>/%9/EA(N.1.!).3.!+1.4')+$1*.!*,3*9*3(.&!6b7!%'!1'21'%',+.!'&!3'%2&.<./*',+$! )(.31O+*)$! /'3*$! 6ZPG7! w1@x! ;1',+'! .&! +*'/2$8! 1'.&*<O,3$%'! (,! .:(%+'!&*,'.&!3'%3'!'&!%'0(,3$!.&!)(.1+$!2(,+$!6G@AE7?!S1.)*.%!.!-%+'!%'!$H+*','!'&!)$';*)*',+'!3'!3*;(%*5,!Gb!3'!).3.!(,.!3'!&.%!b!+1.4')+$1*.%!*,3*9*3(.&'%?!N$%+'1*$1/',+'!&$%!)$';*)*',+'%!3'!3*;(%*5,!3'!+$3.%!&.%!+1.4')+$1*.%!%'!1'21'%',+.!',!(,!D*%+$01./.!%'/*A&$0.1J+/*)$?!!N$%+'1*$1/',+'!%'!1'.&*<5!(,.!1'21'%',+.)*5,!3'&!21$/'3*$!3'! &.%!ZPG!3'!&.! 2$H&.)*5,! /$&')(&.1! /59*&?! F&! )$';*)*',+'! 3'! 3*;(%*5,! G! /'3*$! ;('! ',+$,)'%!$H+',*3$!.:(%+.,3$! &.!)(19.!)$,!(,!/$3'&$!+'51*)$!,$! &*,'.&! 1'21'%',+.3$!2$1! &.!')(.)*5,! w1@xyEG+Ƚ8! 3$,3'[! w1@x! '%! '&! 3'%2&.<./*',+$! )(.31O+*)$!/'3*$d!G! '%! '&!)$';*)*',+'!3'!3*;(%*5,!/'3*$!3'!&.!$&E0/#,@.(-@I,0!4!Ƚ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Histogram Statistics
Marker Lef t, Right Ev ents % Gated % Total Mean Geo Mean CV Median Peak Ch
All     1,  9910 5859 100.00 58.59 123.04 10.55 432.79 6.38 1
M1    13,  9910 1320 22.53 13.20 527.59 185.64 194.03 189.38 41
File: Data.002 Log Data Units: Linear Values
Sample ID: gf p Patient ID: 
Tube: Panel: 
Acquisition Date: 16-Jun-15 Gate: G1
Gated Ev ents: 5859 Total Ev ents: 10000
X Parameter: FL1-H (Log)
Histogram Statistics
Marker Lef t, Right Ev ents % Gated % Total Mean Geo Mean CV Median Peak Ch
All     1,  9910 4077 100.00 40.77 7.70 6.17 139.01 6.44 7
M1    13,  9910 191 4.68 1.91 34.62 25.23 113.96 19.63 13
File: Data.003 Log Data Units: Linear Values
Sample ID: gf p-skap1 Patient ID: 
Tube: Panel: 
Acquisition Date: 16-Jun-15 Gate: G1
Gated Ev ents: 4077 Total Ev ents: 10000
X Parameter: FL1-H (Log)
R1
Histogram Statistics
Marker Lef t, Right Ev ents % Gated % Total Mean Geo Mean CV Median Peak Ch
All     1,  9910 6041 100.00 82.02 2.32 2.15 45.26 2.17 1
File: Data.004 Log Data Units: Linear Values
Sample ID: gf p-skap1 Patient ID: 
Tube: Panel: 
Acquisition Date: 16-Jun-15 Gate: G1
Gated Ev ents: 6041 Total Ev ents: 7365
X Parameter: FL1-H (Log)
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Positive and negative regulation by SLP-76/ADAP 
and Pyk2 of chemokine-stimulated T-lymphocyte 
adhesion mediated by integrin α4β1
ABSTRACT Stimulation by chemokines of integrin α4β1–dependent T-lymphocyte adhesion 
is a crucial step for lymphocyte trafficking. The adaptor Vav1 is required for chemokine-acti-
vated T-cell adhesion mediated by α4β1. Conceivably, proteins associating with Vav1 could 
potentially modulate this adhesion. Correlating with activation by the chemokine CXCL12 of 
T-lymphocyte attachment to α4β1 ligands, a transient stimulation in the association of Vav1 
with SLP-76, Pyk2, and ADAP was observed. Using T-cells depleted for SLP-76, ADAP, or 
Pyk2, or expressing Pyk2 kinase–inactive forms, we show that SLP-76 and ADAP stimulate 
chemokine-activated, α4β1-mediated adhesion, whereas Pyk2 opposes T-cell attachment. 
While CXCL12-promoted generation of high-affinity α4β1 is independent of SLP-76, ADAP, 
and Pyk2, the strength of α4β1-VCAM-1 interaction and cell spreading on VCAM-1 are tar-
gets of regulation by these three proteins. GTPase assays, expression of activated or domi-
nant-negative Rac1, or combined ADAP and Pyk2 silencing indicated that Rac1 activation by 
CXCL12 is a common mediator response in SLP-76–, ADAP-, and Pyk2-regulated cell adhe-
sion involving α4β1. Our data strongly suggest that chemokine-stimulated associations be-
tween Vav1, SLP-76, and ADAP facilitate Rac1 activation and α4β1-mediated adhesion, 
whereas Pyk2 opposes this adhesion by limiting Rac1 activation.
INTRODUCTION
Trafficking of T-lymphocytes from blood circulation to lymphoid 
 tissue and to sites of injury and infection depends on rapid and 
 transient activation of αLβ2 and α4β1 integrin function by chemo-
kines located on the endothelium and inside tissues (Luster et al., 
2005; Ley et al., 2007). Following the binding of chemokines to their 
receptors, an inside-out signaling that impinges on the cytoplasmic 
domains of integrins is generated (Thelen and Stein, 2008). The final 
consequence of this signaling is the generation of high-affinity extra-
cellular αLβ2- and α4β1-integrin conformations that are competent 
for binding to their ligands ICAM-1 and VCAM-1, respectively, which 
are expressed on lymphoid or inflamed endothelium, and also facili-
tates α4β1 interaction with the CS-1 region of tissue fibronectin.
While talin binding to cytoplasmic motifs on β1- and β2-integrin 
subunits represents a common and central event for transmission of 
inside-out signaling from chemokine receptors to generate active 
α4β1 and αLβ2 (Moser et al., 2009b; Hogg et al., 2011; Kim et al., 
2011; Calderwood et al., 2013), important differences exist in the 
molecular pattern of this signaling to either integrin. αLβ2-dependent 
leukocyte adhesion stimulated through inside-out signaling shows a 
crucial requirement for kindlin 3, another important β subunit–bind-
ing protein, and to a lesser extent for α4β1 (Malinin et al., 2009; 
Manevich-Mendelson et al., 2009; Moser et al., 2009a; Svensson 
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SUPPL E M E N T A L M A T E RI A LS 
 
F igure S1. (A) Molt-4 cells were tested in cell fractionation assays, as described 
(Redondo-Munoz et al., 2006). Briefly, following cell exposure to digitonin and 
subsequent centrifugation, pellet (membrane fraction) was extracted with NP-40 lysis 
buffer, whereas supernatants (cytosolic fraction) were clarified by centrifugation. 
Protein detection was performed by immunoblotting. RhoGDI (anti-RhoGDI, Santa 
Cruz Biotechnology, Santa Cruz, CA), and CD45 (anti-CD45 RP2/21 mAb, a gift from 
Dr. Francisco Sánchez-Madrid, Hospital de la Princesa, Madrid, Spain) represent 
cytosolic and membrane markers, respectively. (B) Cells were incubated in the absence 
or presence of CXCL12, and subsequently subjected to immunoprecipitation and 
western blotting. (C) siRNA transfectants were subjected to immunoprecipitation with 
anti-Vav1 antibodies followed by immunoblotting with antibodies to the shown 
proteins. (D) Control or Pyk2 siRNA transfectants were exposed to CXCL12, and 
analyzed by immunoblotting with antibodies to phospho-Erk1/2, Erk1/2, phospho-Akt 
and Akt (Cell Signaling Technology, Danvers, MA). 
F igure S2. Migration of Molt-4 siRNA transfectants across TNF-D-treated HUVEC 
monolayers. Cell migration was carried out as described (Parmo-Cabanas et al., 2004), 
and migrated cells counted by flow cytometry. Inhibition of control siRNA transfectant 
migration by anti-D4 and anti-E1 antibodies is also shown. Migration was significantly 
inhibited in comparison with the migration of chemokine-stimulated control siRNA 
transfectants, *p<0.05. 
F igure S3. F-actin polymerization of Molt-4 siRN A transfectants. The indicated 
transfectants were exposed to CXCL12 and tested in F-actin polymerization assays. 
Cellular F-actin content was measured by flow cytometry following described protocols 
(Sanz-Rodriguez et al., 2001). 
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ORIGINAL ARTICLE
In vivo adhesion of malignant B cells to bone marrow
microvasculature is regulated by α4β1 cytoplasmic-binding
proteins
M Martínez-Moreno1,9, M Leiva2,9, N Aguilera-Montilla1, S Sevilla-Movilla1, S Isern de Val1, N Arellano-Sánchez1, NC Gutiérrez3,
R Maldonado4, J Martínez-López4, I Buño5, JA García-Marco6, P Sánchez-Mateos7, A Hidalgo2,8, A García-Pardo1 and J Teixidó1
Multiple myeloma (MM) and chronic lymphocytic leukemia (CLL) cells must attach to the bone marrow (BM) microvasculature
before lodging in the BM microenvironment. Using intravital microscopy (IVM) of the BM calvariae we demonstrate that the α4β1
integrin is required for MM and CLL cell ﬁrm arrest onto the BM microvasculature, while endothelial P-selectin and E-selectin
mediate cell rolling. Talin, kindlin-3 and ICAP-1 are β1-integrin-binding partners that regulate β1-mediated cell adhesion. We show
that talin and kindlin-3 cooperatively stimulate high afﬁnity and strength of α4β1-dependent MM and CLL cell attachment, whereas
ICAP-1 negatively regulates this adhesion. A functional connection between talin/kindlin-3 and Rac1 was found to be required for
MM cell attachment mediated by α4β1. Importantly, IVM analyses with talin- and kindlin-3-silenced MM cells indicate that these
proteins are needed for cell arrest on the BM microvasculature. Instead, MM cell arrest is repressed by ICAP-1. Moreover, MM cells
silenced for talin and kindlin-3, and cultured on α4β1 ligands showed higher susceptibility to bortezomib-mediated cell apoptosis.
Our results highlight the requirement of α4β1 and selectins for the in vivo attachment of MM and CLL cells to the BM
microvasculature, and indicate that talin, kindlin-3 and ICAP-1 differentially control physiological adhesion by regulating α4β1
activity.
Leukemia advance online publication, 8 January 2016; doi:10.1038/leu.2015.332
INTRODUCTION
Multiple myeloma (MM) and chronic lymphocytic leukemia (CLL)
are B-cell neoplasms characterized by malignant cell trafﬁcking to
the bone marrow (BM).1–3 Myeloma cells accumulate in the BM,
leading to bone destruction, anemia, serum monoclonal gammo-
pathy and immune suppression,4 and their attachment to
components of the BM microenvironment induces cell adhesion-
mediated drug resistance (CAM-DR).5,6 Widespread involvement of
the BM and the presence of circulating MM cells in more than 70%
of patients at diagnosis indicate that there is a continuous
recirculation of MM cells in the peripheral blood and re-entrance
to multiple areas in the BM niches.7,8 Homing of MM cells from the
circulation into the BMmilieu must begin with stepwise interactions
with the BM microvasculature, involving rolling and ﬁrm attach-
ment processes. The initial rolling step may potentially be mediated
by selectins, and it was earlier shown that P-selectin glycoprotein
ligand-1 (PSGL-1) contributes to the overall MM cell homing to the
BM.9 In vitro data suggest that α4β1 and αLβ2 integrins are relevant
candidates to mediate the attachment of circulating MM cells to the
BM microvasculature,10–14 but the in vivo contribution of these
integrins has not yet been fully elucidated.
The α4β1 integrin also has key roles in CLL cell in vitro migration
and in vivo homing to BM and lymph nodes (LNs).15–20 α4β1
expression is associated with the presence of lymphadenopathy in
CLL patients,21 and it was recently shown to be the strongest
predictor of overall survival in CLL.22 αLβ2 displays aberrant
chemokine-induced activation in CLL cells,23–25 and it also
contributes to CLL cell in vitro migration.21 The role of αLβ2 in
CLL in vivo adhesion is less clear. As in MM, CLL cell interaction
with the BM microenvironment provides survival signals and
induces drug resistance, thus contributing to disease
progression.26,27
The α4β1 activity is tightly regulated by inside-out signaling
induced upon chemokine-receptor interactions.28 In MM cells, the
small GTPase Rac1 and its upstream activator DOCK2, as well as
RhoA positively regulate this signaling in response to the
chemokine CXCL12, leading to stimulation of α4β1-mediated cell
adhesion.29,30 A key step in integrin activation in leukocytes is the
binding of talin and the hematopoietic-speciﬁc kindlin-3 to the
cytoplasmic domain of the integrin β1 subunit.31–33 The talin
N-terminal FERM (protein 4.1, ezrin, radixin and moesin) region
binds to the membrane-proximal NPXY/F motif of β-subunit
cytoplasmic tails. This causes the spatial separation of the α- and
β-subunits and the extension of the integrin extracellular domain,
leading to the generation of high-afﬁnity integrins and upregula-
tion of cell adhesion.31,33 Kindlin proteins also have a FERM
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